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INTRODUCTION. 
Not  only has  the phenomenon of sleep offered a  problem which 
has  not been  solved  to  the  satisfaction  of  physiologists,  1%ut  still 
less satisfactory have been the explanations accounting for the pro- 
longed dormant periods to which certain species of animals are sub- 
ject, and of which the hibernation of winter latitudes and a~stivation 
of tropical and arid regions are the most notable examples.  Mar- 
shall Hall"  expressed the opinion nearly a  century ago that natural 
sleep, hibernation, and the so called diurnation of animals with noc- 
turnal habits, differed from one another merely in degree, and this 
idea has again been revived by various writers. 
According to  the prevailing views of hibernation,--the  form of 
seasonal sleep to which chief attention has been paid,--the lethargy, 
which is the striking feature of the condition, is attributable to two 
extracorporeal factors, namely, low external temperature and dimin- 
ished food supply,  a  However, such attempts as have been made to 
determine the influence of these  factors under experimental condi- 
tions have given results which are not entirely convincing. 
Of late years some attention has 'been paid to the central nervous 
system and the histological alterations which occur in the nerve cells 
i Pi6ron, H., Le probl6me physiologique du sommeil,  Paris,  1913. 
2 Hall, M., On Hybernation, Phil.  Tr. Roy.  Soc.,  I832  , pt.  x, 335. 
8 A  r6sum6 of the subject with bibliography will be found in Merzbacher, L., 
Allgemeine Physiologic  des  Winterschlafes,  Ergebn.  d.  Physiol.,  19o4, iii,  pt. 
2,  214. 
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of  dormant  animals,  4  but  the  larger  number  of  the  more  recent 
studies  upon  hibernation  deal  with  respiratory  problems.  These 
studies have shown (Nagai, 5 and others)  that there is a marked de- 
crease in the respiratory quotient during the sleeping period, while 
at  the  time of awakening,  coincident with  the  rapid  rise  in body 
temperature, the output of carbon dioxide is  greatly increased, pre- 
sumably through combustion of  stored glycogen and  fat. 6  Valu- 
able  as  these  observations  have  been,  they  have  not  served  to 
shed light on the underlying cause of the phenomenon of hibernation. 
They have merely added to our knowledge of the physiology of the 
state when once induced. 
Though lethargy is the dominant manifestation of hibernation, it 
is important in our present connection to recall certain other factors 
of the condition, particularly the preliminary storage of fat and the 
subsequent evidences, during the period of somnolence, of retarded 
tissue combustion.  One  expression of  this  is  the lowering of  the 
body temperature--a matter which aroused the inquisitive mind of 
John Hunter, who, with Jenner, was perhaps the first to make accu- 
rate  studies  in  this  direction.  Additional  factors  are  the  brachy- 
cardia,  the  slowed  respiration  with  diminished output  of  carbon 
dioxide, the lowered blood pressure, the relative peristaltic inactivity, 
and the marked insensitivity to painful or emotional stimuli. 
It is well known that secretory overactivity, or even the adminis- 
tration of extracts of certain of the glands of internal secretion, is 
capable  of  accelerating  tissue  metabolism  with  the  production  of 
symptoms the converse of those recounted above.  The purpose of 
the present communication is to point out that a  seasonal wave of 
physiological  inactivity  on  the  part  of  these  glandular  structures 
may well account for the phenomenon of hibernation. 
Zalla,  M.,  Recherches  exp~rimentales  sur  les  modifications  morphologiques 
des  cellules  nerveuses  chez  les  animaux  hibernants.  (Rdsum4),  Arch.  ital.  de 
blol.,  IgIo--II,  liv, H6. 
5 Nagai,  H.,  Der  Stoffwechsel  des  WinterschIS.fers,  Ztschr.  f.  all9.  Physiol., 
i9o9  , ix, 243. 
6 Pembrey,  M.  S.,  Further  Observations  upon  the  Respiratory  Exchange  and 
Temperature  of  Hibernating  Mammals,  ]our.  Physiol.,  I9o3,  xxix,  I9.~. Harvey  Cushing  and  Emil  Goetsch.  27 
The  Somnolence  of  Experimental  and  Clinical  Hypopituitarism. 
Experimental  Observations.--In  the course of our earlier experi- 
ences  with  experimental  hypophysectomy  in  the  canine,  it  was 
observed  7 that after a  total or nearly total  surgical removal of the 
gland the animals, though they remained vigorous and active for a 
day or more, soon passed  into  a  profoundly lethargic state,  which 
often terminated within the next forty-eight hours in a  fatal coma. 
In  describing  this  state  of  so  called  cachexia  hypophyseopriva, 
which had been previously observed by Vassale and Sacchi, by Paul- 
esco, and some others,  it was  pointed out that  a  lowering of body 
temperature was  one  of  the  inaugural  symptoms,  and  that  in  the 
fatal  cases  the  temperature  often  fell  to  that  of  the  surrounding 
medium,  rectal  registrations  of  2o °  C.  being  not  uncommon.  It 
was noted, moreover, in the case of animals subjected to an incom- 
plete though nearly total extirpation that a pronounced lethargy with 
coincident fall in body temperature was more apt to supervene in the 
winter  months  than  after  similar  operations  in  warmer  seasons. 
This we at first attributed to the fact that the animal's quarters were 
insufficiently heated, but we soon found that the fall in temperature 
was  characteristic of  the  condition  regardless  of  the  surrounding 
temperature. 
In addition to the persistent and often extreme lowering of body 
temperature,  it  was  observed that  respiration  became shallow  and 
slow,  in  some  cases  registering  only  three  or  four  respirations  a 
minute,  that  the  pulse  rate  was  usually  retarded,  that  the  blood 
pressure was very low, and that there was a  peculiar insensitiveness 
to external painful stimuli, often so complete that the animal might 
not be  aroused  from its  lethargy even by  the taking of  the  blood 
pressure registration from the open femoral. 
Though the main points which we wish to emphasize in connection 
with  these experimental states  of hypophysial insufficiency are the 
lethargy, the subnormal temperature, the slow pulse and respiration, 
the  lowered  blood  pressure,  and  the  insensitivity,  following  the 
total or nearly total deprivation of the gland, there are other matters 
Crowe, S. J., Cushing, H., and Homans, J., Experimental Hypophyseetomy, 
Bull. Johns Hopkins Hosp., I9IO, XXi, I27. 28  Hibernation and the Pituitary Body. 
of  interest  in  our  present  connection.  It  was  observed  both  by 
Crowe and Goetsch that the hearts of the animals which had been in 
a  lethargic state  for some hours  would continue to  beat,  after the 
fashion of a  batrachian heart,  for an unusual length of time when 
removed from the body after death, s  It  was  found  that  the sub- 
normal body temperature could, with some difficulty, be raised ap- 
proximately to the normal by the application of external heat (~.vrap- 
ping in  electric pads,  etc.),--an  effect, however, which usually led 
to extreme panting and which appeared to accelerate rather than to 
postpone the fatal issue after a  total hypophysectomy.  It was also 
observed that the injection of pituitary extract was the most effective 
means of raising the body temperature with coincident improvement 
in  the animal's  condition; and  by such injections threatened states 
of cachexia hypophyseopriva were seemingly forestalled in a  num- 
ber of animals in which at the operation a small fragment, sufficient 
to maintain life, had been left, though for a  time it seemed to have 
lost its capacity to  furnish the necessary secretion. 
In the course of these earlier studies we made what proved to be, 
from a  clinical standpoint, the most important of our observations; 
namely, that animals  surviving after a  considerable deprivation  of 
the  gland,  though  not  sufficient to  precipitate  a  fatal  state  of  ca- 
chexia hypophyseopriva, tended to become adipose and to lose their 
sexual  activity.  This  discovery  furnished  the  first  experimental 
explanation of the clinical syndrome of dystrophia adiposogenitalis 
(tvpus Fri~hlich),  by demonstrating that the condition was in all cer- 
tainty due  to  hypophysial insufficiency.  9 
As a  rule, these adipose animals were apt to be drowsy and apa- 
thetic, with a slowed pulse and a more or less persistently subnormal 
temperature,  which could be  raised by the administration of hypo- 
s This we have since observed in the case of a  hibernating woodchuck,  which 
we have autopsied,  cardiac pulsations having continued for half an hour. 
It may be recalled in this connection that attention has been drawn  by others 
to the  resistance  (Ueberleben)  of  the nervous system of  the hibernating animal. 
Both  Valentin  and  Schiff have shown  that the  nerve-muscle preparation  of  the 
hibernating  marmot  is  almost  as  slow  in  losing  its  excitability  as  is  that  of 
the  frog. 
9 Cushing,  H.,  The  Hypophysis  Cerebri.  Clinical  Aspects  of  Hyperpitui- 
tarism and Hypopituitarism,  Jour. Am. Med. Assn.,  I9o9  '  liii, 249. Harvey  Cushing  and  E'~il  Goe~sch.  29 
physial  extracts. 1°  Thus,  in addition to the symptoms  in the acute 
cases  of  cachexia  hypophyseopriva above  recounted,  a  tendency  to 
the deposition of fat was  shown to occur in the more chronic states 
of  secretory deprivation.  All  of  these  things,  it  will  be  seen,  fall 
in with the view of a greatly lowered tissue oxidation or metabolism, 
and  we came  to recognize and  to speak  of the  state  as one akin  to 
hibel:nation. 11 
Clinical  Observations.--With the realization, through the experi- 
mental  studies  mentioned  above,  that  the  so  called  syndrome  of 
Fr6hlich is due to a  deficient hypophysial secretion, it became appar- 
ent that other symptoms besides the adiposity and genital dystrophy 
of this clinical state were probably attributable to the same cause.  Of 
these symptoms the .drowsiness,  which in extreme cases  amounts  to 
somnolence or lethargy, is the most important in our present connec- 
tion.  In many examples of the disease which we have observed, the 
condition  has  been  so  marked  that  the  patients  fall  asleep  during 
conversation  or  in the  midst  of  an  examination,  and  in  a  few  in- 
stances somnolence has been so notably the most striking  feature of 
the disorder that it has been the primary complaint. 
Considerable  attention  was  paid  'to  this  symptom  in  a  volume  12 
by one of us,  dealing with the subject of pituitary disorders  in gen- 
eral, and a  number of clinical examples were given there, in one of 
which  (Case  XV~),  a  case  of  stationary  hypophysial insufficiency, 
an  extraordinary  seasonal  period  of  somnolence  had  recurred  for 
several years. 
The following case history will serve as a  good illustration of the 
extreme degree of torpor which may accompany clinical  hypopitui- 
tarism. 
10 The administration  of glandular extracts to hypophysectomized  animals  or 
in  clinical  cases  of hypophysial  insufficiency tends to increase  tissue  oxidation, 
with a resultant rise in temperature.  These thermic responses  do not occur in 
controls. 
11 It  may be  added  that  studies  by  F.  G.  Benedict  and  J.  Homans  (The 
Metabolism of the Hypophysectomized  Dog, ]our. Med. Research, 1911-12, xxv, 
4o9) on the metabolism  of an  hypophysectomized  dog  ha,)e shown  very much 
the same  decrease  in  the respiratory quotient that has  been  observed, in  hiber- 
nating animals. 
12 Cushing, H.,  The Pituitary Body and Its  Disorders,  Philadelphia,  1912. 30  Hibernation  and  the  Pituitary  Body. 
Interpeduncular  Cystic  Tumor of Pharyngeal  Anlage.  Characteristic  Neigh- 
borhood  Pressure  Symptoms  with  Pronounced  Glandular  Manifestation  of 
Hypophysial Insufficiency.  Previous Diagnoses  of Diabetes Insipldus,  Dementia 
Paralytlca,  etc.--W.  B.,  a  business  man,  48  years  of  age,  entered  the  Johns 
Hopkins  Hospital,  Nov.  23,  I911,  with  the  following  symptoms  notable  in  his 
complaint:  constant  headache,  profound  drowsiness,  restricted  vision,  fainting 
spells,  loss of  potentio sexualis,  great  sensitiveness to  cold,  and polyuria. 
His  family  record  was  remarkable  merely  from  the  standpoint  of  stature, 
several  members  exceeding  6  feet  in  height.  His  father  was  6  feet  tall  and 
weighed over 2o0 pounds. 
The  story  of  his  childhood  and  youth  revealed  nothing noteworthy,  though 
he  had  not  been  particularly  rugged  and  had  been  subject  to  headaches.  He 
had married  at  the age  of  3o,  and  was  the  father  of  four  healthy  children. 
Present Illness.--In  I9o5,  six years before his admission,  he received a  severe 
blow in the  face,  which  fractured his nose.  He  soon began  to  suffer  from per- 
sistent headaches,  and  a  noticeable  loss  of  nervous  energy  subsequently became 
apparent.  At about this  time he became impotent. 
In  19o7  a  diagnosis of  diabetes insipidus was made,  on  the basis of a  marked 
polyuria and polydipsia.  In  19o  9  his vision began to  fail.  There was occasional 
diplopia,  and a  bitemporal hemianopsia was observed.  At this time he had what 
was  called a  nervous breakdown. 
With  the  further  progress  of  his  symptoms,  a  definite  change  occurred  in 
his  disposition.  He  neglected  his  business  and  financial  affairs.  He  became 
forgetful,  disoriented,  and  often  more  or  less  irresponsible.  From  the  outset 
he  was  totally  apathetic  in  regard  to  and  seemingly  oblivious  of  his  illness. 
Osteopathy,  a  vigorous  antiluetic r6gime,  and other measures were tried without 
avail. 
Drowsiness,  first  noticed  a  year  previously,  had  become  at  the  time  of  his 
admission the leading symptom.  Not only did he pass most of the day in slum- 
ber,  but on  a  number of  occasions  there was  a  wave  of  prolonged  sleep  lasting 
over several days,  from which he could not be aroused.  In two of  these periods 
of deep somnolence, such a  marked slowing of respiration occurred that recourse 
was  had to  artificial means  for its continuance. 
During his  comparatively wakeful  hours, he complained of  extreme muscular 
enfeeblement and  of  chilliness  even  on  the  warmest  days  when  others  suffered 
from  the heat.  The  skin was  exceedingly dry;  the hands  and  feet were  always 
cold  to  the  touch.  For  a  long  time  the  temperature  had  been  persistently 
subnormal. 
Physical  Examinatlon.--Briefly,  this  revealed  a  fair  complexioned,  well 
nourished  man,  5  feet  9  inches  in  height,  weighing  138  pounds,  with  thin  hair 
and  scant  beard,  and  dry,  parched  skin.  He  was  dull,  apathetic,  and  drowsy, 
and  unable  to  follow  a  consecutive  train  of  thought.  His  speech  was  slow, 
drawling,  and  incoherent.  The  temperature  (rectal)  was  96.5 °  F.,  pulse  60, 
with  a  low blood pressure.  The  x-ray  showed  a  sella of  normal  configuration. 
There  was  bitemporal  hemianopsia  with  primary  optic  atrophy,  which  had 
progressed  to  near-blindness  in  the  left  eye.  The  Wassermann  reaction  was 
negative. 
On Nov. 30, a  week after his admission, he passed into a  profoundly lethargic Harvey  Cushi~g  and  Emil  Goetsch.  31 
state,  with  a  systolic  blood  pressure  below  IOO,  a  subnormal  temperature  of 
96 °  F.,  slow  pulse,  and  feeble,  shallow  respiration  of  Cheyne-Stokes  type. 
Under  the  misapprehension  that  the  symptoms  were manifestations  of  pres- 
sure,  a  right  subtemporal  decompression  was  performed.  No  anesthetic  was 
used,  and  there  was  apparently  complete  insensitivity  of  the  tissues.  No  in- 
crease in intracranial  tension was  disclosed. 
His  condition  remained  unmodified,  and  in  desperation  two  days  later,  he 
was  given  a  subcutaneous  injection  of  pituitary  (anterior  lobe)  extract.  This 
was  followed by  the  characteristic  thermic  reaction  which  we  have  described, 
with a  rise of temperature  to  IOI °  F.  Four hours  after the iniection he roused 
from  his  lethargy,  seemed  fairly  rational,  an~  asked  for  nourishment.  This 
was the turning point in his critical condition,  and  for the succeeding two weeks 
he was kept in a  fairly normal state of activity by repeated injections of extracts. 
On  Dec.  15  a  transphenoidal  operation  with  sellar  decompression  was  per- 
formed,  in  the  hope  that  the  supposedly  compressed  gland  might  thus  be  re- 
lieved, and  for  some weeks there was  a  most unexpected  betterment  in his  con- 
dition,  both  physical  and  mental,  so  that  he  was  up,  dressing,  and  caring  for 
himself,  and  taking  exercise  independently.  During  the  succeeding  month  he 
remained  for the most  part  perfectly  rational  and  physically active.  Then  fol- 
lowed an  occasional period of  somnolence, and  finally he lapsed  into his  former 
state  of  lethargy. 
The  feeding  of  glandular  extract  in  large  doses  proved  unavailing,  and  re- 
course was  again had to intramuscular  injections.  Under these injections,  given 
daily,  he  invariably  improved,  but  their  frequent  repetition  caused  so  much 
muscular  soreness  that  they had  to be discontinued. 
On Feb. 9,  1912, under  primary  anesthesia  the pituitary  gland  of  a  still-born 
child  was  implanted  in  the  subcortex  at  the  seat  of  the  decompression,  and 
glandular  administration  was  discontinued.  There  followed an  unexpected  and 
astonishing  improvement  in  his  condition.  An  analysis  of  his  mental  state  at 
this  time,  made  by  Dr.  Adolph  Meyer,  showed  practically  no  deviation  from 
the normal.  His memory of past events was good and he had a  peculiar subcon- 
scious  recollection of his  preceding months  of  somnolence. 
He gained  rapidly in strength,  and  on  Mar.  IO he was  discharged,  apparently 
well, despite a  tendency  to nap  in the afternoon,  a  continuance  of  polyuria,  and 
unaltered  neighborhood  symptoms  so  far  as  the  hemianopsia  was  concerned. 
He  had  been  kept  under  observation  during  the  full month  in  the  expectation 
that  the implanted  gland  might not actually have  "taken." 
On his  departure  he took a  ten hour  trip to his  former home,  attending  per- 
sonally to  all the  details  of  buying  tickets,  hotel  registration,  payment  of  bills, 
and  so  on.  He met his  many  friends,  remembered  and  kept  appointments  with 
promptitude,  and  went  about  independently,--indeed  from  a  psychic  standpoint 
seemed an absolutely normal individual and  "llke his  old self." 
More  might he  said  concerning  the  return  of  somnolence,  the  patient's  ulti- 
mate  death,  and  the  autopsy,  which  disclosed  a  characteristic  infundibular  cyst 
surmounting  an  almost  completely  destroyed  hypophysis,  but  enough  has  been 
given  to  illustrate  the  hibernation-like  symptoms  which  characterize  some  of 
these extreme states  of hypopltuitarism. 32  Hiber~ation and the Pituitary  Body. 
In all of our examples of pituitary disease associated with tumor 
or glandular enlargement we endeavor to distinguish clearly between 
the symptoms which are produced by pressure against neighboring 
structures and  those due  to  a  secretory disturbance on the part  of 
the gland itself.  'Many of the symptoms which we are inclined to 
attribute to a primary hypophysial derangement, others have ascribed 
to an implication of hypothetical "nerve centers "  at the base of the 
brain in the neighborhood of the gland.  For example, in the case 
just cited it  is  true that the growth--a  characteristic Hypophysen- 
gangtumor  as described by Erdheim--compressed and distorted the 
structures in the interpeduncular space as well as the pituitary body 
itself; and were it not for the fact that quite comparable symptoms 
arise in  cases  of hypophysial disease  in  the absence of  tumor,  one 
might  readily  be  led  to  accept  the  views  of  Erdheim,  Aschner, 
Purves  Stewart, la  and others that some of the symptoms to  which 
we have drawn attention are not evidences of dyspituitarism, but are 
due to pressure upon some predicated center in the tuber cinereum or 
elsewhere  in  'the  floor  of  the  third  ventricle.  However,  if  the 
latter assumption  were correct, the symptoms would hardly be im- 
proved by the administration of glandular extracts. 
Without prolonging this report with further clinical illustrations, 
it is apparent that states of outspoken hypophysial insufficiency may 
be  accompanied  by  symptoms  comparable  to  those  following  the 
experimen'tal deprivation  of  a  large part  of  the  gland  in  animals. 
The metabolic processes are at a  low ebb,  with a  tendency in most 
individuals to  the storage of fat,  to an increased tolerance for car- 
bohydrates, a  subnormal temperature, slowed pulse and respiration, 
lowering of blood pressure, and often extreme somnolence3  4 
In addition to these symptoms, a nota'ble expression of hypopitui- 
tarism  is  the more or less  complete retardation  of sexual  develop- 
ment if the process antedates puberty, and the retrogressive changes 
la Stewart,  P.,  Four  Cases  of  Tumour  in  the  Region  of  the  Hypophysis 
Cerebri,  Rev. Neurol. and Psychiat.,  I9o9, vii, 225. 
14 One  of  us  has  commented  elsewhere  on  the  fact  that  the  polyuria  which 
often  accompanies these states  remains  difficult of interpretation  on  the basis  of 
glandular  insufficiency  (Cushing,  H.,  Concerning  Diabetes  Insipidus  and  the 
Polyurias  of  Hypophysial  Origin,  Boston  Med.  and  Surg.  Jour.,  1913, clxviii, 
9Ol). Harvey  Cushing and  Emil  Goetsch.  33 
on the part of the reproductive organs and secondary sex characters 
if it affects adutts.  These disturbances are in all likelihood a  con- 
sequence primarily of anterior lobe deficiency, as  our experiments, 
to be reported under another title,  would indicate. 15 
It  can readily be seen that these experimental and clinical states 
possess many features in common with the condition of hibernation, 
--the deposition of fat, the somnolence, slow pulse and respiration, 
insensitivity, and subnormal temperature,--evidences, in brief, of a 
condition  of  lowered  metabolic  activity.  We  will  return  to  the 
question  of  the  activity  of  the  reproductive  glands. 
Alterations  in  the  Ductless  Glands during  Hibernation. 
During the winter of 1912-13 we had the opportunity of studying 
the  ductless  glands  of  seven  woodchucks  16  during  and  after  the 
hibernating  period.  The  carefully preserved  glandular  tissues  of 
five of these animals  (I,  II,  III,  IV,  and VII),  which had hiber- 
nated  in  captivity,  were  forwarded to  us  through  the kindness  of 
Professor  Su'therIand  Simpson,  whose  well  known  interest  in  the 
subject of hibernation has led to important studies,  ~7 but whose con- 
cern in this series lay in the direction of the nervous system.  The 
two other animals  (V and VI)  were trapped in ~he open. 
Professor  Simpson's  records  state  that  his  five woodchucks,  all 
adults, fat and in good condition, were enclosed in their den without 
food, on December 9.  One of the animals was sacrificed While dor- 
mant, on January 18, another on February 6, the third on February 
22; the fourth was killed on March 15, soon after awaking, and the 
seventh on April 6, a month later.  The fifth and sixth of the series 
were both caught for us in the open, on March 17 and 22, and killed 
I5 We are coming to believe that not only is the  factor  of growth  chiefly re- 
lated  to  the pars  anterior,  but  that.this  portion  of  the gland  is more  intimately 
associated  with  the  activity  or  inactivity  of  the  reproductive  organs.  We  are 
only at the threshold of a  satisfactory clinical differentiation between the consti- 
tutional  effects of over-  (perverted?)  or undersecretion  of the two  lobes of the 
gland  (Cushing, H., Concerning the  Systematic Differentiation between the Two 
Lobes of the Pituitary  Body, Am. Jour. Med. Sc., 1913, cxlv, 313). 
10 The  North  American marmot  (Arctomys mona.v or Marmotta monax). 
17 Simpson,  S.,  The  Food  Factor  in  Hibernation  (Preliminary  Communica- 
tion),  Proc. Soc. Exper. Biol.  and Med.,  i912  , ix, 92;  The  Relation  of External 
Temperature  to Hibernation,  ibid., I913,  x,  18o. 34  Hibernation  and  the Pituitar~j Bodg. 
a few days later.  Thus three of the animals were killed while hi~er- 
hating, three soon after awaking, and the last a  few weeks later. 
The tissues  received from Professor Simpson had all  been pre- 
served in the same fashion.  The animals had been killed by cardiac 
transfixion and the organs  immediately hardened in situ  by aortic 
injections of saturated mercury bichloride in  IO per cent formalin. 
In the case of Woodchuck I the pituitary gland alone was received. 
Woodchuck  /.--Jan.  I8,  1913.  Animal  found  asleep.  Rectal  temperature 
IO.2  °  C.  (50.3 °  F.).  Hibernating  for a  period presumably  of  five or  six  weeks. 
The  block  of  tissue  comprised  a  portion  of  the  sphenoidal  bone,  the  gland, 
and  superimposed  nervous tissues.  The dural  envelope and  enclosed gland were 
carefully  dissected  away  from  the  shallow  sella  turcica,  mounted  in  paraffin, 
and  serially sectioned in a  sagittal direction,  as  The gland measured  3 ram.  in its 
anteroposterior  diameter. 
Under  the  microscope  the  pars  anterior  shows  a  lack  of  the  characteristic 
arrangement  of  the  cells  into  cords  and  alveoli,  though  there  are  many  well 
filled venous  sinuses.  The cells appear  closely packed  and  possess  deeply stain- 
ing pycnotic nuclei,  rich in chromatin  and  with but a  small amount  of  surround- 
ing,  faintly pink  staining,  non-granular  protoplasm.  Particularly  in  the  vicinity 
of  the  pars  intermedia  are  the  nuclei  closely  crowded  together.  Stained  with 
hematoxylin and  eosin the cells prove to be neutrophilic,  none  of  them  showing 
an especial affinity either for the acid or basic dye, such as characterizes  the pars 
anterior  cells  under  ordinary  conditions. 
There is a  well formed cleft separating the pars  anterior  from the pars inter- 
media.  The  latter  appears  unmodified.  The  nuclei  resemble  those  of  the  pars 
anterior, but they are surrounded by a  larger amount of protoplasm  with neutral 
staining  affinities. 
The pars  nervosa also appears  unmodified.  The  sections  of the infundibular 
block  show  no  apparent  changes.  The  clusters  of  nerve  cells  of  the  tuber 
cinereum appear normal. 
The finding of such definite histological changes in the pars ante- 
rior in this animal encouraged us to investigate the ma~er further, 
and  when  each  of  his  remaining  animals  was  killed,  Professor 
Simpson was good enough to send us not only the pituitary body but 
fragments of the other ductless glands as well. 
is In  order  to  insure  accuracy  in  the  histological  comparison  between  the 
glands  of  different  individuals,  it  is  essential  not  only  that  the  sections  be  cut 
on  the  same  plane,  but  that  corresponding  sections  on  this  plane  be  compared. 
In this  series of woodchucks,  therefore,  as in other  animals and  in man,  median 
sagittal  sections  have been  those  of choice. 
Owing  to  the  cup-like  shape  of  the  enveloping  anterior  lobe  these  median 
sections  show less of the pars  anterior  than  do sections  taken  more  laterally. Harvey  Cushing  and  Emil  Goetsch.  35 
Woodchuck  //.--This  animal,  a  female,  removed  from  the  den  and  kilied 
on Feb. 6, was still hibernating.  Its rectal temperature was  I4.8 ° C.  The tissues 
were  fxed  as  described,  and  the  sphcnoidal  block,  together  with  fragments  of 
the other ductless glands,  was  sent to us. 
Pituitary  Body.--The  gland  was  even  smaller  than  that  of  Woodchuck  I, 
measuring  a  scant  2.5  ram.  in  its  anteroposterior  diameter.  In  its  histological 
appearance  it  corresponds  precisely  with  that  of  the  first  animal,  showing  the 
same  uniformly  staining,  closely  packed  pycnotie  nuclei  in  the  pars  anterior 
(Figs.  I, 3,  and 5). 
Thyroid.--This  shows  no  notable  change.  The  acini  are  small,  containing 
massive,  deeply  staining  colloid,  which  fractures  on  section,  making  the  tissue 
difficult  to  cut.  The cells  for the most part  are flattened,  though  with cuboidal 
configuration around  some of  the  acini.  There is an  abundance  of  intra-acinal 
fat,  in which many clusters of hibernating gland cells appear. 
Hiberuatiug  Gland.--The fragment of tissue marked  "thymus "  proves to  be 
from  the  hibernating  gland.  The  swollen  cells  hold  fairly large,  round  nuclei 
and show an  abundant  granular protoplasm,  free from vacuoles. 
AdreuaL--The nuclei of both medulla and cortex appear somewhat shrunken, 
and  more  closely placed  than  normal,  due  to  the  relatively scant  protoplasm. 
The nuclei of the medulla are somewhat irregular in shape. 
Pa~lcreas.--Here  too  the  cells  are  moderately shrunken  and  the  acini  small. 
There  are  a  few  faintly  staining  secretion granules  in  the  protoplasm  (Siiure- 
violett and safranin  0).  The nuclei are  small and  stain  deeply.  The islets are 
cellular,  with  scant  protoplasm.  There  is  an  abundance  of  intra-acinal  fat  in 
the  organ.  The  sections  show  a  lymph  gland  with  practically  no  eosinophils 
(compare No. VII). 
Ovary.--There are a large number of primordial follicles and  a  few develop- 
ing Graafian  follicles, but none that are mature,  and  there  are no corpora lutea. 
There  is  a  small amount  of  interstitial tissue,  but  interstitial cells are not  defi- 
nitely recognized.  The fimbriated  extremity of the  tube  is  lined by  a  low type 
of epithelium with very scant protoplasm. 
The  tissues  of  this  animal  (No.  II)  made  it apparent,  therefore, 
that hibernation is accompanied by histological changes in each mem- 
ber of the ductless gland series, though in none of them were the de- 
viations  from  the  normal  as  striking  as  in  the pituitary body.  The 
tissues  of  the  third  of  the  hibernating animals  corresponded  closely 
with the above, as  follows. 
Woodchuck  III.--This  animal,  also  a  female,  removed  from  the  den  while 
dormant  and  killed  on  Feb.  22,  had  a  rectal  temperature  of  7  °  C.  (44.5 °  F.). 
Presumably it had been hibernating for ten weeks,  since about Dec. 9. 
Pituitary  Body.--The  gland  measured  barely  3  ram.  in  its  anteroposterior 
diameter.  Histologically it  corresponds  in  general  with  the  glands  of  Nos.  I 
and  II.  However,  there  is  some  tendency  toward  alveolar arrangement  in  the 
cells of the anterior lobe; they have somewhat more protoplasm  and  the  nuclei 
are less pycnotic and are rounder  and  clearer than  in  Nos.  I  and  II.  A  few of 
the ceils show  a  slight affinity  for acid stains. 36  Hibernation and the  Pituitary Body. 
Thyroid.--There  is  a  large amount of  intra-aclnal fat.  The  acini themselves 
are similar to those described under No.  II.  The vesicles are possibly more dis- 
tended  with  colloid,  which  stains  uniformly  pink.  No  cells  of  the  hibernating 
gland  type are  observed. 
Hibernating  Gland.--This  shows  very  little  change  from  the  hibernating 
gland of No.  II, though the cells have begun to  show some vacuolation. 
Adrenal.--The  gland  is  very  small.  The  nuclei  are  shrunken,  particularly 
those of the cortical cells,  and compared with the awakening state  (compare  No. 
IV)  the protoplasm is very scant. 
Pancreas.--The acinus cells are  distended  and contain a  large number of  se- 
cretory granules.  The nuclei are larger and more vesicular  than in  No.  II,  and 
occupy the base of the cells.  The islets have a  more open structure and are com- 
posed of loosely intertwined cell cords. 
Ovary.--1V[uch the same  appearance as  in  No.  II.  A  few  follicles  are  some- 
what more advanced, but none are mature,  and there are no  corpora lutea.  The 
cells  lining the fimbriated ends  are  taller and contain more protoplasm. 
In  the  following  example,  the  first  of  the  awakened  animals,  a 
very  obvious  physiological  reactivation  was  apparent,  particularly  in 
the  anterior  lobe  of  the  hypophysis,  but  also  in the  cells  of  the  ad- 
renal.  Unfortunately  the  sex  of  the  animal  was  undetermined,  as 
no  block  from  the  sexual  glands  was  received. 
Woodchuck IV.--This animal was  found awake and active with a  rectal tem- 
perature  of  35 °  C.,  and was  kill,ed  on  Mar.  15.  It  had  been  incarcerated  since 
Dec.  9  and had not had access to  food during this period of ninety-six days.  It 
had  been  observed  on  Mar.  8  and  was  then  still  asleep,  so  that  its  awakening 
must have been recent. 
Pituitary Body.--The gland  was  macroscopically enlarged  and  swollen  when 
compared  with the glands of  Nos.  I,  II,  and  III.  It was  thicker  and  measured 
4  ram.  in  its  anteroposterior  diameter.  Histologically  the  cells  are  swollen; 
their protoplasm is  abundant, granular,  and has begun to  take  differential eosin- 
ophilic and basophilic stains.  A  single mitotic figure was  found. 
The cleft contains colloid.  The pars  intermedia and  pars  nervosa are  larger 
than in the earlier  specimens;  the cells are more  active.  The  tissue of  the  pos- 
terior  lobe  is  more  distended  and  the  nuclei  are  crowded  farther  apart,  which 
makes the lobe itself appear less cellular. 
Thyroid.---There is  no  particularly  striking  change,  though  the  cells  on  the 
whole  are  more  of  the  cuboidal  type  than  in  Nos.  I  and  II.  The  intra-acinal 
tissue is  composed  of  very scant connective tissue  fibers,  without  fat tissue. 
Hibernating GIand.--Sections were received from the three situations  (cervi- 
cal,  thoracic,  and  subscapular),  where  the chief masses  of  this  glandular  struc- 
ture occur. 
The  lobules  appear  smaller than  those  described  under  No.  II,  but  there  is 
no  great  change  in  the  cells.  The  protoplasm  is  less  abundant  and  stains  less 
well,  and many of  the  cells  contain vacuoles of  considerable  size. 
AdrenaL--Significant changes are apparent.  The gland is larger than that of Harvey  Cushing  and  Emil  Goetsch.  37 
No.  II, and the cells of both medulla and  cortex, but particularly those of  the 
former  appear  swollen  and  show  abundant  protoplasm  of  granular  structure. 
The nuclei are larger and more vesicular.  The cortex shows more clearly than 
in  No. III the normal characteristic division into zones. 
Pancreas.--Very  little change  from  No.  III.  The  cells show  a  fair  amount 
of protoplasm with abundant prozymogen granules at their base.  No  islets are 
seen on sections. 
Ovaries or Testes.--Tissues  not received. 
Lymph  Gland.--A  single gland in one of the sections shows no eosinophilia. 
The  following  animal  (No.  V)  was  trapped  in the  open  in  the 
neighborhood  of Worcester,  Mass., on March  17 and was forwarded 
to  us  for  study.  Its  period  of  awakening  may,  therefore,  have 
corresponded  with  that  of  the  preceding  animal  (No.  IV),  though 
having  been  in  natural  sui-roundings  it  possibly  became  dormant 
earlier than  December  9.  It may  also have had access to  food dur- 
ing the  winter,  and  the  autopsy  showed  that  it had  fed  on  awaking 
and before capture, though subsequently it refused  food.  It may be 
noted that the winter of  I912-13  was not a  very prolonged or severe 
one. 
The  animal was  lively, fat,  and appeared to be in good  condition. 
It  was  sacrificed  March  22,  seven  days  later  than  No.  IV. 
Woodchuck V.--Mar. 22.  An adult male, weighing 2,360 gin., very lively and 
fierce and apparently well nourished.  Sacrificed by anesthetizing with ether and 
then  bleeding from  the carotid and  femoral arteries.  Immediate autopsy. 
The  abdominal cavity showed what appeared to be masses of  adipose tissue 
in the mesentery and  what was  taken to  be the omentum.  This  fat was  white 
in  appearance and  of  soft consistency.  There  was  practically no  subcutaneous 
fat.  The cecum and  large bowel contained food remnants,  though  the stomach 
and small intestine were empty. 
Pituitary  Body.--On  opening  the  cranial  cavity from  above,  the  brain  was 
elevated and the  stalk of  the  hypophysis divided at the base of  the  third ven- 
tricle.  The  gland appeared to be considerably larger than  those  received from 
Professor Simpson, though the latter had not been seen in the fresh state.  The 
posterior lobe was of a  whitish appearance, very distinct from the dark pinkish 
pars  anterior.  Both  lobes  were  flattened.  The  sella  turcica  was  shallow.  A 
block of tissue, including the sphenoidal bone and the floor of the sella, was cut 
out from the base of the skull and placed in Bensley fixative.  The gland after 
fixation  measured  4.5  ram.  in  its  anteroposterior  diameter,  and  1.5  mm.  in 
thickness. 
Histological Appearance.--The  cells  of  the  pars  anterior  show  the  normal 
arrangement  in  cords;  they  are  rich  in  protoplasm  and  have  begun  to  show 
clearly their differential acid and basic staining reactions  (Figs. 2,  4,  and 6). 
In the posterior lobe there is some increase in cellularity over the specimens 
previously studied. 38  Hibernation  a~d  the  Pituitary  Body. 
Thyroid.--What  was  taken  for the left thyroid,  apparently with an accessory 
tag,  was  dissected  out.  It  was  not  especially  large  and  was  of  a  faint  pinkish 
yellow  color.  What  appeared  to  be  a  parathyroid  was  evident  at  the  upper 
pole  and  was  left  attached  to  the  body  of  the  gland.  On  account  of  bleeding 
from the right carotid, the tissues were suffused with blood and the right thyroid 
was  not found.  No  thyroid tissue identified histologically. 
Hibernating  Gland  and  Thymus.--When  the thorax  was  opened,  in the  posi- 
tion  of the thymus there was  found  a  very large, soft, brownish gland, of lobular 
structure, filling the upper mediastinum and embedded in a  sort of adipose tissue. 
Nodules  of  similar  tissue  accompanied  the  intrathoracic  vessels  and  extended 
downward  along  the  course  of  the  sympathetic  trunk  in  the  intercostal  spaces 
as  far  as  the  diaphragm.  Fragments  of  this  tissue  were  preserved  in  various 
fixatives; the main bulk of  the gland was  preserved  in  formalin. 
Histologically  the gland  differs  greatly  from the specimens previously studied. 
In  many  areas  very little remains  except  the  eccentric marginal  nuclei  of  com- 
pletely vacuolated  cells.  No  thymic tissue  identified  in  the  sections. 
Pancreas.--Diffuse lobules of the gland were found in a  long process extend- 
ing from the duodenum to the spleen, and small bunches of glandular  tissue were 
seen  in  the  mesentery  extending  downward  almost  to  the  kidneys.  Pieces  of 
the pancreas in the region of the splanchnics were taken out and placed in acetic- 
osmic-bichromate mixtures of  2  and 4  per cent osmic acid. 
Histologically  the  gland  is  of  normal  appearance.  The  cells  are  large  and 
filled  with secretory granules. 
Adrenals.--These  appeared  as  small  discrete  glands  of  a  greenish  brown 
color.  On  section it was  observed that a  very large part of  the cut surface  was 
made  up  of  pinkish white,  soft,  pulpy  medulla.  The  cortex  contained  the  pig- 
ment substance above described. 
Histologically  the  medulla,  when  compared  with  the  previous  specimens, 
appears much enlarged  in proportion  to  the cortex.  Its cells  are  large,  swollen, 
and  compact.  There  is  a  much  more  distinct  line  of  demarcation  between  the 
medulla and cortex, the lower zone of which appears flattened, as though the cells 
were compressed by the swollen medulla. 
Testes.--The  glands  were  large,  and  the  structural  elements  were  readily 
recognized.  They measured  about  1.75  cm. in length by I cm. in breadth.  A  sur- 
face scraping from the  fresh section showed  a  few non-motile spermatozoa  (?). 
Histologically the gland shows an abundance of interstitial cells.  The tubules 
contain a  few spermatids, but no formed spermatozoa,  nor are there any sperma- 
tozoa  in  the  epididymis. 
The  next  animal,  a  female,  was  likewise  trapped  in the  neighbor- 
hood  of  Worcester,  Mass.,  and  was  received  a  few  days  later  than 
the  preceding  one. 
Woodchuck  VI.--An  adult  female,  weighing 2,oo2  gin.,  active and  seemingly 
well  nourished.  Rectal  temperature  36.2  °.  Sacrificed  on  Mar.  27  by  the  same 
procedure  as  in  No.  V.  The  mammary glands  were  considerably hypertrophied 
and contained secretion. Harvey  Cushing  and  Emil  Goetsch.  39 
Pituitary  Body.--The  gland  appeared  large,  as  in  No.  V.  The  two  lobes 
were clearly distinguished.  The sella was depressed,  and its thin floor contained 
a  small defect,  as  though produced  by pressure  atrophy. 
Histologically  a  median  section  shows  the  pars  anterior  to  be  composed  of 
large  cells  with  differentially staining protoplasm,  but with  a  preponderance  of 
eosinophilic  ceils.  The  lobe  is  more  vascular  than  those  heretofore  observed. 
There  is  apparently  some  increase in  the  cellularity of  the  pars  nervosa. 
Thyroid.--What were taken  for the thyroid lobes were  removed,  but the tis- 
sues  proved  to  be  symmetrically  placed  lymph  glands.  These  show  no  excess 
of eosinophils  (compare No. VII). 
Hibernating  Gland and Thymus.--Very much less in evidence than in No.  VI. 
A  small amount  was  apparent in the region  of  the thymus,  with  a  few  fine ex- 
tensions  downward  on  either side  of  the  spinal column.  Thymus  not identified 
in gross. 
Histologically the hibernating gland tissue shows greatly shrunken and vacuo- 
lated  cells  with  small nuclei--a  stage  of  absorption  of  the  gland  in  advance  of 
No.  V.  A.small area of  normal thymus  appears on a  few of the sections. 
Pancreas.--Of normal appearance in gross. 
Histologically the  cells  are  larger  than  in  the  previous  cases  and  are  loaded 
with  secretory  granules.  The  islets  present  a  normal  appearance,  with  well 
developed  cords and cells rich in protoplasm. 
Adrenals.--In  the  fresh  state,  of  a  light  green  color,  and  somewhat  larger 
than those of  No.  V. 
On  section the medulla appears  less abundant in comparison  with the cortex. 
When  contrasted  with  the  gland  from  a  hibernating  animal  (e.  g.,  No.  II),  a 
very marked  change  is  apparent,  both  in  the  size  of  the  nuclei  and  amount  of 
protoplasm.  Next  to  the  changes  in  the  pituitary  gland,  the  changes  in  the 
adrenal are the most striking. 
Ovaries.--The right gland was  considerably larger than the left.  On  section 
it  was  of  a  more  pinkish  color  and  contained  what  appeared  to  be  numerous 
corpora  lutea.  The  left ovary was  whiter in appearance  and  showed one nodu- 
lar  elevation,  apparently  a  corpus  luteum. 
Histologically  the  right  gland  is  largely  made  up  of  several  corpora  lutea, 
with  but little interstitial substance containing a  few  immature  follicles. 
Fallopian Tubes.--The uterus  appeared  to  be thickened,  edematous,  and vas- 
cular.  At  uniform  intervals  there  were  small  dilatations  suggesting  early 
pregnancy. 
Histologically the tubes show a  thick, vascular endometrium with high colum- 
nar epithelium. 
Whether  or  not  this  animal  was  pregnant  was  not determined. 
The condition of the tubes and ovaries resembled closely that which 
will be described elsewhere as a  consequence of pituitary feeding. 
The following animal, the last of Professor Simpson's series, was 
found awake  on  March  I5,  when  No.  IV  was  sacrificed;  but  on 
March 22, when again observed, it was in a  condition of semihiber- 40  Hibernatiol~  and  the  Pituitary Body. 
nation, with a  rectal temperature of  15 °  C.  It was  observed again 
on  March  29  and was  found to  be  in  the  same dormant  condition, 
with  a  rectal  temperature  of  12.7 °  C.,  and  when  replaced  in  the 
den, a  dish of water and some cabbage were set beside it.  On April 
5  it  was  found  to  be  awake  and  active,  with  a  temperature  of 
38o  C.  (lOO.5 °  F.)  and a  body weight of  I,I5O grams.  A  runway 
was attached to the den, so that the animal was  free to move about, 
and  it  was  abundantly supplied  with  food  and  water. 
When  observed  on April  16  the  rectal  temperature  was  35.8 °  C. 
(95.5 °  F.),  body weight  1,5oo  grams.  On  May  5  rectal tempera- 
ture 37.7 °  C.  (IOO °  F.), body weight 1,55o grams. 
Woodchuck  //'//.--Female; killed May 5.  Tissues from  Professor  Simpson 
were  fixed  as  in the  early  series.  It  may be  noted  that  it  had  been  actively 
awake for a month and had put on weight.  In comparison with our other ani- 
mals it was small and may possibly have been younger. 
Pituitary  Body.--The  gland,  though  somewhat  smaller  than  the  foregoing, 
shows  characteristic anterior lobe differential staining reactions.  The  pars  in- 
termedia and pars nervosa are unchanged. 
Thyroid.--The vesicles  are surrounded by possibly a somewhat more cuboidal 
type of cell on the average than were those in No.  II, though there  appears  to 
be very little difference from the winter state. 
Hibernating  Gland.--Here  the changes are very marked from the winter state. 
The cells  have lost their granular appearance and sharp outlines and are more 
ragged in form.  The nuclei, from loss of protoplasm, appear more closely packed 
and smaller, with more dense chromatin.  The cells are considerably vacuolated. 
Pancreas.--No changes were observed.  Special stains for zymogen granules, 
etc., were not employed. 
Adrenals.--The  cortex  appears  much thickened in comparison with  the  me- 
dulla.  The cells  of  the medulla are  large and active in appearance.  A  slight 
differentiation is evident between the zones of the cortex. 
Ovary.--Gland  apparently  active,  with  increase  of  interstitial  cells.  Fully 
ripened, large Graafian follicles are present, and there is one large corpus luteum. 
Lymph Gland.--A gland present in the tissues from the pancreas, and another 
present in the  tissues  from  the  hibernating gland in the  neck,  show  an  extra- 
ordinary preponderance of eosinophils. 
Comment.--Though  the  observations on this series  of  seven ani- 
mals are somewhat  fragmentary,  19 and though more or less definite 
19 We had  hoped to  supplement these  observations by the  study of  a  series 
of animals during the winter of 1913-1914.  We were able to secure for the pur- 
pose,  however, only one woodchuck; but at the same time three hedgehogs  and 
three  raccoons  were  also  interned.  The  winter was  a  particularly severe  one 
and  all  four  animals succumbed  to  the  low  temperature.  Our  provisions  for Harvey  Cushing  and  Emil  Goetseh.  41 
.evidences  of  a  pluriglandular  insufficiency are  apparent  when  the 
waking is contrasted  with the dormant state, nevertheless  the most 
striking histological changes occur in the anterior lobe of the pitui- 
tary gland.  These changes, in brief, consist of a  loss of the charac- 
teristic cellular topography of the pars  anterior, and, in the case of 
the individual cells,  of a  shrinkage of  both the  nuclear  and proto- 
plasmic substance of the cells, with complete loss of the characteris- 
tic histological picture of the active gland,--namely, the differential 
staining  qualities  of  the  granular  content  to  acid  and  basic  dyes, 
---qualities which reappear at the end of the dormant period.  It may 
be  added  that  in only one  of  our  specimens  have  we  observed  the 
karyokinetic figures which Gemelli  (see below)  has described as an 
especial  feature  of  the  awakening  state.  This  may  be  for  the 
reason that we have not happened upon the exact time when,  after 
awakening,  the  cell  division  is  particularly  active.  Significant  of 
Gemelli's findings, however,  is  the  fact that  the  writers,  except  in 
Case  IV  of this  series,  have never  observed  mitosis  in  any of the 
countless pituitary glands of the lower animals they have examined. 
In  view  of the  close  interrelation of the  pituitary body and  the 
sexual glands  it is  unfortunate that we were  deprived of the latter 
organs in Nos. I  and IV, and that four of the remaining five animals 
were  females.  It  is  our  presumption  that  very marked  activation 
occurs in the reproductive organs when the animal emerges from the 
dormant state,  and it  is tempting to  attribute  this to the  influence 
of  the  functionally reactivated  pars  anterior.  This  conjecture  is 
supported  'by  the  experiences  of  one  of  us  (Goetsch)  with  the 
proper  hibernation  were  doubtless inadequate.  Food was  supplied so that the 
animals might eat as they desired, and they all did so with more or less regu- 
larity.  The  woodchuck, which  was  a  male,  survived  a  particularly  cold  spell 
during  which  the  other  animals  perished, but  at  no  period  had  it  definitely 
hibernated.  On  Jan.  I2  it  was  {airly  lively, with  a. rectal  temperature  of 
32.5  °  C., weight  1,8o7 kilos.  It was  sacrificed. There  was  very little  fat, but 
a large amount of hibernating  gland.  The pituitary body resembled the glands 
of Woodchuck  III  of the  series.  It was  small  and  the  cells were  somewhat 
closely packed, and some of them took differential  stains.  The testes  showed 
active  cell division  of  spermatogenous  cells, but  there  were  no  spermatozoa; 
the interstitial cells were abundant.  There were no notable changes in the other 
glands.  No changes of recognizable significance were made out from the tissues 
of the raccoons or hedgehogs, and no tissue resembling hibernating gland tissue 
was positivel~ identified in any of them. 42  tt,  ibernatio~ a~,d the  Pituitary Body. 
feeding  of  pars  anterior  extract  and  its  effect  in  stimulating  repro- 
ductive  activity, 2°  which  will  be  the  subject  of  a  subsequent  paper. 
The  Observations  of  Gemelli  and  Salmon. 
As  far  as  we  are  aware,  only two  writers,  both  of  them  Italians,  have  ap- 
proached  this  subject  in  such  wise  that  their  views  and  observations  are  at  all 
pertinent  to this discussion. 
In  I9o5  a  monograph  on  sleep was  published  by  Salmon 21  in  which  the view 
was  advanced  that  physiological  sleep  is  due  to  an  internal  secretion  of  the 
pituitary  gland.  In  later  papers,  published  in  French, 22  this  view  was  still 
further  elaborated. 
In  I9o6 an  important  paper  appeared  in Italian, written by Agostino Gemelli,23 
in  which  the histological changes  occurring  in  the  pituitary  gland  of  the hiber- 
nating  marmot  were  fully described  for  the  first,  and  as  far  as  we  can  learn, 
for  the  only  time.  In  a  second  paper -°4 he  refutes  the  contentions  of  Salmon 
and  ascribes  to the hypophysis  in cooperation  with  the other  ductless  glands  the 
function  of the neutralization  of toxins. 
It  is  our  impression  that  the  observations  of  these  writers  are  in  entire 
accord  with  our  own,  but  that  their  conclusions,  particularly  those  of  Salmon, 
in  so  far  as  they  were  drawn  from  clinical  observations,  are  based  on  wrong 
premises. 
Salmon  advanced  the  opinion  that  the  hypophysis  is  actually  a  center  for 
sleep,  normal  physiological  sleep  being  explained  on  the  basis  of  an  internal 
secretion  from  the gland  which  has  some vasomotor  or  autotoxic  effect on  the 
nervous  system:  in  other  words,  that  physiological  sleep  is  essentially  depend- 
ent upon  the  secretion of the pituitary gland. 
As  an  argument  favoring  this  view  he  gives  a  list  of  disorders  in  which 
drowsiness  is  commonly  observed,  and  in  many  of  which  there  occurs  some 
hypophysial  alteration.  Strangely  enough,  however,  he  attributes  drowsiness 
to  conditions  of  glandular  hyperplasia,  accompanied  by hyperfunction,  whereas 
insomnia  is ascribed to  states  of glandular  atrophy  with  functional insufficiency. 
This, it will be seen,  is precisely the reverse of the view which is now commonly 
20 Certain clinical experiences are also in accord with this view : for the feed- 
ing  of  hypophysial  extracts  over  prolonged  periods  to  patients  who  are  the 
victims of hypopituitarism  not infrequently arouses  sexual activity after periods 
of amenorrhea  or impotence. 
~  Salmon,  A.,  Sull' origine  del  sonno.  Studio  delle relazioni  trail  sonno  e 
la  funzione della glandula  pituitaria,  Florence,  I9o5. 
2-° Salmon,  A.,  Le  sommeil  pathologique;  l'hypersomnie,  l~ev. de m~d., I9Io, 
xxx, 765;  La  foncfion du  sommeil.  Physiologic,  psychologic,  pathologic,  Paris, 
I9Io. 
2~ Gemelll, A.,  Su  l'ipofisi delle marmotte  durante  il letargo  e  nella  stagione 
estiva, Arch. p. le sc. reed., 19o6, xxx, 34L 
24Gemelli,  A.,  Nuove  osservazioni  su  l'ipofisi  deUe  marmotte  durante  il 
letargo  e  nella  stagione  estiva;  contributo  alia  fisioIogia dell'  ipofisi,  Biologlca, 
I9o6,  i, I3o. Harvey  Cushi~g  and  Emil  Goetsch.  43 
accepted.  At  the  time  of  Salmon's  publication,  it  may  be  recalled,  there  was 
no  satisfactory  differentiation  of  the  clinical  expressions  of  hyper-  and  hypo- 
pituitarism. 
Gemelli  was  quick  to  see  the  falsity  of  Salmon's  position,  for  he  says:  " If 
Salmon's  hypothesis  were  correct  we  should  expect  to  find  an  increase  in  the 
activity  of  the  pituitary  gland  during  hibernation,  for  only  in  this  way  could 
we  confirm  the  view  that  physiological  sleep  is  due  essentially  to  the  secretion 
of  the  glandular  portion  of  the  pituitary  body.  But  we  have  really  found  the 
contrary  to  be  the  case  vie., a  lowering  of  the  proper  activity  of  the  organ 
characterized  by  a  decrease  of  the  secretory  cells.  After  the  marmots  awake 
we  find  a  regeneration  of  the  glandular  tissue,  with  a  great  number  of  karyo- 
kinetic figures  and  an  increase  in  the number  of  eosinophil cells.  These  obser- 
vations  point  to  an  organic  renovation  of  the  gland  and  an  increase  in  its 
activity,  and  therefore  refute  entirely Salmon's hypothesis." 
If  Salmon  had  reached  the  opposite  conclusion,  which  assuredly  he  would 
have done had he been in  possession  of  the  facts  before  us  today,  namely,  that 
drowsiness  or  sonmolence is  induced by a  deficiency  rather  than  an  increase  in 
hypophysial  secretion,  it  is  possible  that  Gemelli  might  have  found  reason  to 
ascribe  the  somnolence  of  his  marmots  to  the  changes  in  the  gland  which  he 
was  the first to observe.  As it was,  Gemelli interpreted his findings as  an argu- 
ment  in  support  of  the  view,  which  has  become  generally  accepted,  that  the 
gland  is  of  prime physiological  importance  and  is  not  a  rudimentary  structure. 
With many other French  and  Italian investigators he contends that the  ductless 
glands--adrenal cortex,  thyroid, parathyroid,  and hypophysis--are organs  whose 
chief  function  is the neutralization of toxins,  not only such  as  are  furnished by 
organic,  inorganic,  and  bacterial  poisons,  but  those  the  products  of  metabolism 
as  well.  To quote  from him: "During hibernation metabolism  is  decreased and 
therefore we have less toxic substances.  When the animals awake  in the spring 
the  vegetative  functions  are  resumed,  and  we  therefore  find  a  very  great  in- 
crease  of  toxic  substances,  corresponding to  which the changes  described  in the 
pituitary  gland  occur."  Gemelli's  conclusions  are  as  follows: 
I.  The  hypophysis  of  the  marmot  follows  the  general  law  which  governs 
the  other  organs  during  hibernation  and  the  spring  awakening. 
2.  The  decrease  in  cyanophil  cells  during  hibernation,  the  appearance  of 
numerous karyokineses,  and  increase  in  cyanophil cells  during the  spring  awak- 
ening,  serve to confirm the hypothesis that the function of the glandular lobe of 
the hypophysis cooperates with the other ductless glands in neutralizing toxins. 
3.  The  anterior  part  of  the  glandular  lobe  of  the  hypophysis  cannot  be 
regarded as a hypothetical center of physiological sleep. 
Hibernation  in General. 
In  physiological  adaptation  to  periodic  conditions  unfavorable  to  life,  of 
which  a  seasonal  diminution of  food  supply  is  perhaps  the most important ele- 
ment,  certain  animals  have  acquired  a  capacity  for  seasonal  lethargy  which 
appears to be but a  form of prolonged diurnation, just as  diurnation is an exag- 
geration  of  normal  sleep.  A  low  external  temperature  would  appear  to  be 
merely  a  predisposing  factor  in  hibernation, just  as  it is  in  the  case of  normal 44  Hibernatio~ and  the Pituitary Body. 
sleep,  but  from  what  we  now  know  of  mstivation  the  external  temperature  in 
itself can hardly be regarded  as  essential to  the process. 
Of  the  fur-bearing  animals  of  the  temperate  latitudes  the  marmot,  as  far 
as  is known,  shows  the  phenomenon  of hibernation  in  its  most  outspoken  form. 
Winter  sleep, however, is a  peculiarity of other so-called poikilothermic animals, 
such  as  the  dormouse,  hedgehog,  bat,  and  prairie-dog;  and  it  is  alleged  that 
raccoons,  skunks,  badgers,  bears,  and  even  some  squirrels  and  other  animals, 
such  as  chipmunks  and  gophers,  which  store  their  winter  provender,  at  least 
have the capacity of passing the months  of scant  food supply  in  a  semihibernat- 
ing condition.  It is a  physiological characteristic which has  never been  acquired 
by  birds,  due  in  all  likelihood  to  their  ability  to  migrate  to  more  favorable 
surroundings. 
Many of the animals  which undergo  a  period  of hibernation  or semihiberna- 
tion  in  their  normal  habitats  when  transplanted  to  other  surroundings  and  fur- 
nished  with  food  may  not  lapse  into  their  wonted  months  of  continuous  sleep, 
but may remain more or less active; and  this  is true  even of the typically hiber- 
nating  marmot.  It  is  conceivable  that  under  these  changed  conditions  they 
might  grow  out  of  the  habit,  though  unquestionably  they  would  still  retain  the 
capacity  to  hibernate  were  the  original  conditions  resumed.  It  may  be  added, 
however,  that  certain  animals  when  transplanted  retain  their  habit  of  periodic 
somnolence.  This  is  said  to  be  true  of  the  tenec  of  Madagascar,  an  animal 
belonging to the same order as the hedgehog.  The tenec undergoes  what  is rare 
in  mammals,  namely,  a  period  of  summer  sleep,  and  the  specimens  in  captivity 
in  the  London  Zo51ogical  Garden  are  said  to  have  continued  in  their  regular 
seasonal sleep even in the northern  latitude. 
The  same  physiological  changes,  though  of  brief  duration,  appear  to  take 
place  in  animals  which  have  the  habit  of  diurnation,  a  condition  which  appar- 
ently  differs  from  hibernation  only in  its  brevity.  This  is  true  of  the  bat,  for 
example.  Dormice,  too,  awake  every  twenty-four  hours  merely  to  feed;  and 
the  sleep  of  hedgehogs  may  last  for  two  or  three  days  at  a  time.  It  is  alleged 
that  during  diurnation  in  these  animals,  respiration  practically  ceases  and  the 
temperature  falls to  about  that  of the  surrounding  medium  and  rises  again  with 
their  awakening.  Indeed,  the  fall in  temperature  which  occurs  during  the  nat- 
ural  sleep  of  all non-hibernating  species 25  suggests  that  no  sharp  line of  demar- 
cation  separates  the two conditions. 
Similar  seasonal  physiological  rhythms  may  possibly  affect  other  mammals 
besides  those mentioned, 26 and  attention  was  drawn,  in the  course  of  our  canine 
hypophysial  studies  during  three  or  four  consecutive  winters,  to  the  fact  that 
2.5 Simpson,  S.,  and  Galbraith,  J. J.,  An  Investigation  into  the  Diurnal  Varia- 
tion  of the Body Temperature  of  Nocturnal  and  Other  Birds,  and  a  Few  Mam- 
mals, Jour. Physiol., 19o5-o6,  xxxiii, 225. 
20Among  cold-blooded  animals,  both  vertebrate  and  invertebrate--snakes, 
lizards,  tortoises,  frogs,  toads,  snails,  and  so  on--the  phenomenon  is  of  quite 
general  occurrence.  Hibernation  in  the  carnivora  is  limited  to  the  Arctoidea. 
The  single  canine  example  is  apparently  the  raccoon-dog  of  Japan,  which  is 
said  (Radde)  to  hibernate  if  food  has  been  sufficiently plentiful  to  enable  the 
animal  to  store  sufficient fat. Harvey  Cushing  and  Emil  Goetsch.  45 
in  the  midwinter  months  hemodynamic  and  other  reactions  to  the  injection  of 
hypophysial  extracts  often  did  not  occur  or  were  far  less  pronounced  than  at 
other  times  of  the year.  It  was  suggested  in  explanation,  (I)  that  a  seasonal 
change  in  the  animals  experimented  upon  caused  the  administration  of  the  ex- 
tracts to  fail to  give the  usual  responses,  or  (2)  that the glands  of  the  animals 
from  which the extracts  had been prepared were  in a  condition of  relative  sea- 
sonal  inactivity  and  that  the  extracts  consequently  were  less  active  i.n  their 
effect.  It  is  possible  that  we  may  thus  account  for  some  of  the  discrepancies 
in  the  results  obtained  by  various  observers  of  the  physiological  reactions  of 
prepared  extracts. 2~ 
Even  man  appears  to  have a  certain  capacity  for  what may be  called  winter 
sleep,  as  has been shown by the  experiences  of  those in the  arctic  regions;  and 
it  is  possible  that  such  a  capacity  might be  further  developed,  as  seems  to  be 
the  case  with  the  peasants  in  certain  parts  of  Russia,  who  during  the  winter 
months,  when there  is a  scarcity of  food,  pass  weeks  at  a  time  in  a  somnolent 
state,  arousing once a  day  for a  scant meal. 
Unquestionably the underlying factors  in hibernation are  extracorporeal  ones 
relating to  food  supply,  but it may be  presumed  that animals  subjected  to  sea- 
sonal  periods  of  food  deprivation have acquired  the  capacity  to  survive,  partly 
through the preliminary storage  of  tissue  fuel  and  partly  through  the  ability to 
conserve that  fuel  so that its combustion  is  extremely  slow.  Nothing would  be 
so likely to  favor these conditions as a  physiological period of inactivity of those 
glands  which are concerned with tissue metabolism,  of  which the pituitary body 
has been shown to be a  striking example. 
That  deprivation of  food  and  exposure  to  cold cannot be the only factors  is 
shown  by  the  fact  that  such  an  animal  as  the  woodchuck  in  its  natural  sur- 
roundings often goes into winter quarters  long before the onset of cold weather 
and  emerges  again  at  the  vernal  equinox,  even  though  existing  climatic  condi- 
tions may be most unfavorable for the securing of  food.  Moreover,  it has been 
found  impossible to  force  hibernation by  the  withdrawal  of  food  and  exposure 
to cold out of  season. 
The  occurrence  of  such  a  seasonal  wave  of  inactivity on the part of  certain 
2v R.  Hunt  (The Effects  of a  Restricted  Diet and  of Various  Diets  upon  the 
Resistance  of  Animals  to  Certain  Poisons,  Bull.  Hyg.  Lab., U.  S.  P. H.,  I9io, 
No.  69)  called  attention  to  the  great  variation  in  the  resistance  of  mice  and 
guinea pigs  to  certain poisons  and  attributed  them  to  seasonal variations  in  the 
activity of the thyroid glands.  A.  Seidell and F.  Fenger  (Seasonal Variation in 
the  Composition  of  the Thyroid  Gland, Bull.  Hyg. Lab.,  U. S. P. H.,  I914,  No. 
96)  showed that there are, as a  matter of  fact, seasonal changes in the weight as 
well as in the iodin content of the thyroid glands of beef and sheep.  G.  B. Roth 
(Pituitary  Standardization.  A  Comparison  of  the  Physiological  Activity  of 
Some Commercial Pituitary Preparations, Bull. Hyg. Lab., U. S. P. H., I914, No. 
Ioo)  has called attention to the wide variability and the physiological activity of 
commercial pituitary extract,  but has assigned no  reasons  for the differences. 
Dr.  Hunt  expresses  the belief that pituitary preparations vary on  account of 
the difference in the methods of manufacture,  rather than on account of the dif- 
ference in the original gland. 46  Hibernatio~  and  the  Pituitary Body. 
members  of  the ductless  gland  series  as  our  theory  of  hibernation predicates  is 
no  more  remarkable  than  other  periodic  waves  of  inactivity  or  activity  in  the 
case of  other glands.  This  is  particularly  true  of  the glands  directly concerned 
with  reproduction,--glands  which  have  been  shown  to  have  a  very  close  func- 
tional  interrelationship with  the  pituitary  body. 
SUMMARY. 
A train of symptoms, coupled with retardation of tissue metabolism 
and with inactivity of the reproductive glands, not only accompanies 
states  of  experimentally  induced  hypophysial  deficiency,  but  is 
equally  characteristic  of  clinical  states  of  hypopituitarism.  The 
more notable of these symptoms are a tendency, in the chronic cases, 
toward an unusual deposition of fat, a lowering of body temperature, 
slowing of pulse and respiration,  fall in blood pressure, and often- 
times  a  pronounced somnolence. 
These symptoms bear a marked resemblance to the physiological 
phenomena accompanying the state of hibernation which have here- 
tofore been unsatisfactorily ascribed solely to extracorporeal factors ; 
namely, a  seasonal deprivation of  food and  low  temperature. 
In a series of hibernating animals (woodchucks) it has been found 
that during the dormant period histological changes are apparent in 
many of  the  ductless glands.  The  most notable  of  these changes 
occur in the pituitary body, as previously observed by Gemelli.  The 
gland not only diminishes in size, but the cells of the pars anterior in 
some animals at least completely lose their characteristic staining re- 
actions to acid and basic  dyes.  At the end of the dormant period 
the  gland  swells,  and  as  the  cells  enlarge they again acquire their 
differential affinity for  acid,  basic,  and  neutral  stains,  and  at  the 
same time karyokinetic figures may appear. 
CONCLUSIONS. 
On the basis of these observations hibernation may be ascribed to 
a seasonal physiological wave of pluriglandular inactivity.  The es- 
sential r61e may perhaps be ascribed to the pituitary body, not only 
for the reason that the most striking histological changes appear in 
this structure, but also because deprivation of the secretion of this 
gland alone of the entire ductless gland series produces a  group of 
symptoms comparable to those of hibernation. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL,  XXII.  PLATE  1. 
FIG.  I. 
FIG.  2. 
(Cushing  and  Goetsch:  Hibernation  and  the  Pituitary  IIody.) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXlI.  PLATE 2. 
FI(;.  3. 
FIG,  4. 
(Cushing  and  Goetsch:  Hibernation  and  the  Pituitary  Body.) THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL.  XXlh  PLATE  3. 
FIG.  5. 
Ftc;.  6. 
(Cushing  and  Goetsch:  Hibernation  and  the  Pituitary  Body.) Harvey  Cushing  and  Emil  Goetsch.  47 
EXPLANATION OF  PLATES. 
PLATE  I. 
Fro.  I.  Median  section of the pituitary gland  of  an  hibernating  woodchuck, 
killed Feb.  15,  I913 (No.  II).  Pars  anterior broken. 
FIG.  2.  Median  section  of  the  pituitary  gland  of  a  woodchuck  (No.  V), 
killed Mar.  2z,  I913, a  few days  after awakening. 
PLATE 2. 
FiG. 3.  Undifferentiated anterior  lobe ceils of the hibernating  state  (Wood- 
chuck II),  Feb.  I5,  I913.  Hematoxylin and  eosin.  X 3oo. 
Fro.  4.  Well  differentiated  anterior  lobe  cells  of  an  animal  on  awakening 
(Woodchuck V),  Mar.  22,  I913.  Hematoxylin and  eosin.  X 3oo. 
PLATE 3. 
Fro.  5.  Higher magnification  of  the  cells  of  the  hibernating  state  (Wood- 
chuck II, Feb.  I5,  I913).  Siiureviolett and safrani~ O. 
Fro.  6.  Higher  magnification  of  the  anterior  lobe  cells  of  the  awakening 
state  (Woodchuck V,  Mar.  22,  I913).  Sdurez,iolett and safrauiu O. 